Abstract: Vapour liquid equilibrium data are the basic need in the design of distillation columns. In the present study VLE prediction of four binary azeotropic systems namely ethanol-water, acetone-water, ethanol-benzene and methanol-water was carried out using UNIQUAC and UNIFAC models. UNIQUAC parameters of the chosen systems were computed using Newton Raphson's technique. Computations of UNIFAC model were done using ASOG method. VLE predicted from these models was validated using experimentations carried out in Othmer VLE still and thermodynamic consistency test using Redlich Kiester method. It was observed that both models are able to fit the experimental VLE data for all the systems. The results show that all the four systems are minimum boiling azeotropes having positive deviation from ideality.
INTRODUCTION
Industrial production of chemicals involves purification and recovery of the products, byproducts and unreacted raw materials. Distillation is a commonly used method for purifying liquids and separating mixtures of liquids into their individual components [1] . It is clearly the dominating separation process, accounting for more applications than all the others combined (extraction, adsorption, crystallization, membrane-based technologies and so forth). Familiar examples include fractionation of crude oil into useful products such as gasoline and heating oil etc., distillation of crude fermentation broths into alcoholic spirits such as gin, vodka and many more [2] . Distillation columns consume more than 95% of the total energy used in separations in chemical process industries worldwide. Hence, design of distillation columns is a major concern of chemical engineers. Azeotropic phenomenon is often encountered in distillation operations which complicates the separation process by usual fractionation method. An azeotrope is a mixture of two or more liquids (chemicals) in such a ratio that its composition cannot be changed by simple distillation [3] .This occur because, when an azeotrope is boiled, the resulting vapor has the same ratio of constituents as the original mixture. As their composition is unchanged by distillation, azeotropes are also called constant boiling mixtures [4] . The boiling temperature of an azeotrope is either less than the boiling point temperatures of any of its constituents (a positive azeotrope), or greater than the boiling point temperatures of any of its constituents (a negative azeotrope). The defining condition of azeotropic mixtures and physical phenomena leads to non-ideality [5] .
VLE data are essential in the design of distillation columns for industrial applications. VLE computations using theoretical methods rather than experimentations are simpler and cheaper. The objective of the present investigation is to determine the VLE data using UNIQUAC and UNIFAC models for four azeotropic systems namely ethanol-water, acetone-water, ethanolbenzene and methanol-water. The VLE predicted by these models was validated using experimentation with an Othmer VLE still. Also thermodynamic consistency test for the UNIQUAC and UNIFAC models was carried out by Redlich-Kiester method.
II. MATERIALS AND METHODS

Chemicals
All the chemicals (ethanol, methanol, acetone and benzene) were supplied by the Indian Scientific Chemical Industries, Private Ltd., Chennai, India. The purity of the chemicals was checked by gas chromatography and was found to be 0.999 mass fractions for methanol and ethanol, and 0.998 mass fractions for acetone and benzene. Deionised water was used in the experiment.
Experimentation
Othmer VLE still was employed to determine vapour liquid equilibrium data. The capacity of the still is about 100 ml and it is equipped with reflux condenser. Binary liquid mixture of known composition was charged at the top of the VLE still and distilled using electrical heating. The distillate (vapour form) richer in more volatile compound enters the condenser with cold water circulation and is collected at the top. The residual product (liquid) richer in less volatile compound can be collected from the bottom. The still is equipped with a quartz thermometer to measure the azeotropic distillation temperature. After equilibrium was established (indicated by a constant reading in the thermometer), heating was stopped and the contents of the top and bottom products were allowed to cool and analyzed. The samples were analyzed using Clarus 680 GC fused with silica column and packed with Elite-5MS (5% biphenyl 95% dimethylpolysiloxane, 30 m × 0.25 mm ID × 250μm df). The components were separated using Helium as carrier gas at a constant flow of 1 ml/min. The injector temperature was set at 260°C during the chromatographic run. One μL of extract sample was injected into the instrument and the oven temperature was at 60°C(2 min), followed by 300°C at the rate of 10°C min −1 and 300°C, where it was held for 6 min. The mass detector conditions were: transfer line temperature 240°C, ion source temperature 240°C, and ionization mode electron impact at 70 electonvolt, a scan time 0.2 seconds and scan interval of 0.1 seconds. The spectra of the components were compared with the database of spectra of known components stored in the GC-MS NIST (2008) library.
VLE Prediction
Gibbs laid the foundation for a systematic study of thermodynamic equilibrium. He proposed the maximum entropy principle as the criterion for stable equilibrium for isolated systems [6]. Raoult's law is applied for phase equilibrium calculation to ideal solution. Raoult's law is simple to use when both vapour and liquid phases are ideal, which is given by the equation [7] .
(1) yi is mole fraction in vapour phase; xi is mole fraction in liquid phase; Pi sat is vapour pressure and P is operating pressure. Raoult's law can be adapted to non-ideal solutions by incorporating two factors namely fugacity coefficient (ϕ) and activity coefficient (γ) that will account for the non ideality owing to the interaction between the molecules of different substances. Modified Raoult's law that gives the accurate result for non-ideal solution is given as [8] . 
Activity coefficients
The prediction of activity coefficients for non-ideal solutions is accomplished using Analytical solution of group contribution method (AGOS). The functional groups are structural units such as CH3, OH and others which when added form constituent molecules [10] . In the group contribution methods, a solution of components is treated as a solution of functional groups. The activity coefficients of the components are then determined by the properties of the functional groups rather than by those of the molecules. The group contribution methods are necessarily approximate, because the contribution of a given functional group may not be identical in different molecules [11] . The assumption involved in the functional contribution methods is that the contribution of one functional group in a molecule is independent of that made by the other functional groups [12]
Universal quasi-chemical equation
The UNIversal QUAsi Chemical (UNIQUAC) model was developed by Abrams and Prausnitz to express the excess gibbs free energy of a binary mixture. The UNIQUAC
contains two parts, a combinatorial part and residual part [13] . The combinatorial part takes into account the composition, size and shape of the constitution molecules, and contains pure component properties only. The residual part takes into account the intermolecular forces containing two adjustable parameters [14] . The UNIQUAC equation is given by
The structural parameters ri and qi are calculated as the sum of the group volume and group area parameters Rk and Qk. 
2.4.2UNIquac Functional group Activity Coefficient (UNIFAC) method
UNIFAC is based on UNIQUAC model, has a combinatorial term that depends on the volume and surface area of each molecule and a residual term that is the result of the energies of interaction between the molecules [15] . In the UNIFAC model, both combinatorial and residual terms are obtained from group contribution methods. When using the UNIFAC model, one first identifies the functional subgroups present in each molecule. Next the activity coefficient for each species is written as [16] . 
The combinatorial term is evaluated using equation (5). However, the residual term is also evaluated by a group contribution method, so that the mixture is envisioned as a mixture of functional groups, rather than of molecules .The residual contribution to the logarithm of the activity coefficient of group k in the mixture, ln Γk is computed from the group contribution analog of 'equation 6' which can be written as [17] . is the residual contribution to the activity coefficient of group k in a pure fluid of species i molecule. The volume (Ri) and surface (Qi) parameters are anm and ann for each pair of functional groups [18] . Continuing with the group contribution idea, it is next assumed that any pair of functional groups m and n will interact in the same manner, that have the same value of amn and anm independent of the mixtures in which these two groups occur. Consequently by a regression analysis of great quantities of activity coefficient data, the binary parameters anm and amn for many group-group interactions can be determined [19] . These parameters can then be used to predict the activity coefficient in mixtures for which no experimental data are available. The advantage of this group contribution approach is that with a relatively small number of functional groups [20] the properties of the millions up on millions of different molecules can be obtained.The parameters used in this model were taken from literature.
Error Analysis
The relative error percentages of the models are calculated using equation 
Consistency of VLE
The thermodynamic consistency of measured (vapour + liquid) equilibrium data is validated using Redlich-Kiester method. According to this method only pure components are involved at the two end state and no mixing effect occurs,
[21] at these points. Calculated from two models is evaluated and plotted against x1. The area above the xaxis will be equal to area below it for thermodynamically consistent data.
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III. RESULTS AND DISCUSSION
The experimental VLE data of the four binary azeotropes namely Ethanol-water, Acetonewater, Ethanol-benzene and Methanol-water are shown in Tables (1-4) respectively. The experimental values are compared with literature and found to be reasonably accurate. The calculated fugacity coefficients for four azeotropes were found to be closer to unity, hence it is reasonable to assume that vapour phase is ideal. The activity coefficient (1) calculated from the experimental values using 'Equation 2' for the four binary systems is also included in Tables (1-4 
Modelling
VLE computation with UNIQUAC model was made using Newton Raphson technique. This was accomplished using computer programming with Java 1.6 version. The model parameters of the systems estimated from the program are presented in Table 5 .Analytical solution of group contribution method (ASOG) was adopted in VLE calculation using UNIFAC model.
Comparison of the VLE predicted from the two models with the experimental data is presented in Tables (1-4) for ethanol-water, acetone-water, ethanol-benzene and methanolwater respectively ' Fig' (1-4) portrays the comparison of experimental VLE with the UNIQUAC and UNIFAC models. The overall error percentages of the VLE for ethanol-water system using UNIQUAC and UNIFAC models are 5.2209 and 2.3043 respectively. Similarly for acetone-water system, the calculated overall error percentages from UNIQUAC and UNIFAC models are 4.0374 and 2.7524. In the case of ethanol-benzene system, the error percentage was 5.8819 for UNIQUAC model and 3.8141 for UNIFAC model. Percentage errors for methanol-water system using UNIQUAC and UNIFAC model were found to be 4.3522 and 2.3362. Though both models are able to give better results in VLE prediction for the systems, UNIFAC model has relatively lesser error percentage. These plots are made using the activity coefficients calculated from UNIQUAC and UNIFAC models (TABLES 1-4). Area under the curve computed from UNIQUAC and UNIFAC models for all systems is shown in TABLE 6. It can be observed that the computed values are closer to zero for the UNIQUAC model and almost zero for the UNIFAC model. IV. CONCLUSION In case of VLE prediction of azeotropes, UNIQUAC and UNIFAC models were tested for the systems ethanol-water, acetone-water, ethanol-benzene and methanol-water. The experimental VLE findings prove that all the systems are minimum boiling azeotropes. Major finding of the present work is the estimation of UNIQUAC parameters for the four systems. These parameters can be utilized for VLE calculation at any pressure conditions. The error analysis and thermodynamics consistency test studies reveal that both models give good representation of VLE for all the chosen systems.
